Hemagglutination and intestinal adherence properties of non-Ol Vibrio cholerae were studied in vitro. No definite correlation between the cell-associated hemagglutinin titers and the intestinal adhesion indices was noted. Sugar-and glycoprotein-mediated inhibition data also indicated differences between the hemagglutination and adherence processes in respect to the receptor structures. Intestinal adherence of most V. cholerae strains could be inhibited to various extents by N-acetyl D-glucosamine. This observation provides a likely explanation for the ecological behavior of these organisms, which are known to associate themselves with chitinous (chitin:homopolymer of N-acetyl D-glucosamine) surfaces of zooplankton. The absence of any significant difference between the intestinal adherence indices of clinical and environmental isolates suggests that intestinal adhesion may be an essential but not sufficient prerequisite for colonization by and subsequent expression of pathogenicity of these microorganisms.
Non-O1 Vibrio cholerae strains are abundant in the natural aquatic environment and appear to be autochthonous estuarine bacterial species (2) . During the last two decades or so, a large volume of literature from different parts of the world has implicated these organisms in sporadic cases and localized outbreaks of diarrhea (21) . Pathophysiologic mechanisms underlying non-O1 V. cholerae-induced diarrhea remain largely unknown since most clinical and environmental isolates do not express cholera toxin (CT) (5, 9, 16, 28) or do not even possess the structural gene for CT (17) .
In an earlier study (5), we were able to demonstrate that the enteropathogenic potential of clinical isolates of non-O1 V. cholerae was significantly higher than that of environmental isolates. However, characteristics responsible for enteropathogenicity remained to be identified. Mucosal adherence properties of certain bacterial species are believed to play a key role in the expression of their pathogenicity (7) . Furthermore, the colonization potential of certain types of bacteria is known to be mediated by their cell-associated hemagglutinin (CAHA) (6, 8) . In the present communication, we have studied the CAHA and intestinal adherence properties of some of the clinical and environmental isolates of non-O1 V. cholerae with a view to find out the interrelationship between the two properties, if any. We have also tried to evaluate the role of the intestinal adherence capacity of these organisms in the expression of their enteropathogenicity. (Table 2) .
No correlation between adherence activities and CAHA titers. CAHA titers of seven clinical and seven environmental isolates were compared against their corresponding ad- 
DISCUSSION
In certain gram-negative bacteria, particularly in enterotoxigenic Escherichia coli, a close correlation between the HA properties and intestinal colonization was observed (6) . This observation led to the belief that HA can be used as a reliable index of bacterial adherence to and subsequent colonization of the intestinal epithelium. However, this generalization had important exceptions, particularly for V. cholerae 01 strains (4, 13, 27) . The present study also confirmed a lack of correlation between CAHA titers and intestinal adherence indices of non-01 V. cholerae. Furthermore, sugar-mediated inhibition data indicate differences between the HA and intestinal adherence processes with respect to their receptor structures. This difference is also substantiated by the observation that normal rabbit IgG and fetuin could inhibit the CAHA but not the adherence activity of the non-01 organisms. It may be noted here that Spira and Daniel (25) , in a preliminary study, failed to establish a correlation between the CAHA activity and the brush border adherence properties of V. cholerae non-01 strains. It is possible that the non-01 strains express a variety of HAs, all of which are not relevant to the intestinal adherence process. Expression of multiple varieties of HAs in V. cholerae 01 strains had already been reported by various workers (1, 10, 11, 15) . Recently, two groups of workers (3, 24) independently reported the presence of mannose-sensitive HAs in most of the non-01 strains. However, it may be noted that these workers used chicken and human erythrocytes, while rabbit erythrocytes were used in our present study. The presence of multiple HAs in non-01 strains is suggested on the basis of the sugar inhibition data (Table 1) . Our results also indicate that the ligand-receptor binding in hemagglutination by non-01 V. cholerae is mediated by complex carbohydrate structures such as substituted N-acetyl lactosamine units present in both the fetuin and the rabbit IgG (23) .
Apart from the complex nature of HA reactions, the present study also indicates the complexity of the tissue adhesion process ( Fig. 1 and 2) by the clinical and environmental non-01 isolates. Interestingly, intestinal adhesion of two of the isolates (one clinical and another environmental) used in this study could be significantly inhibited by GlcNAc. Similar results were also obtained with most V. cholerae 01 strains (Dasgupta, Ph.D. thesis). These findings may have some relevance to the ecological behavior of V. cholerae organisms, as these were shown to remain intimately associated with the external surfaces of a group of chitinous (chitin:homopolymer of GlcNAc) zooplanktonic copepods (12) .
Results presented here are in apparent disagreement with the earlier reports that L-fucose could inhibit the adhesion of both 01 and non-01 V. cholerae (14, 18) while D-mannose was responsible for the inhibition of 01 strains (1). Such differences in the results may arise because of differences in the strains as well as in the assay systems used by various workers.
In an earlier study, we showed that the enteropathogenic potential of the clinical isolates of non-01 V. cholerae was, in general, higher than that of the environmental ones (5) . However, no significant difference between the intestinal adhesion capacities of clinical and environmental isolates could be noted in the present study (Table 2) . Thus, the relevance of the in vitro adherence property of V. cholerae to the expression of their enteropathogenic potential in vivo remains to be established. Lack of any significant difference between the brush border adhesion indices of the clinical and environmental isolates was also observed by Levett and Daniel (18) . On the other hand, Spira et al. (26) found clinical isolates to be far more capable of colonization than the environmental ones in the RITARD model. All these findings suggest that intestinal adhesion, although an essential prerequisite for the colonization process, may not be the only parameter to determine the enteropathogenic potential in vivo. Thus, colonization seems to be a multifactorial process involving intestinal adhesion, multiplication, and other metabolic steps leading to disease production. On the other hand, antibodies that are capable of inhibition of intestinal attachment of vibrios are likely to induce protection against vibrio challenge (22) .
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